W
hile language processing difficulties are a common manifestation of cerebrovascular disease and other central nervous system (CNS) disease,'-3 treatment remains unsatisfactory for many. The frustrations of neurological rehabilitation are accentuated in the treatment of aphasia. A person often has lost brain tissue and associated functioning, and in most cases, this will never completely return to normal. In the case of aphasia, a person has lost the use of language, the principal feature that makes humans cognitive.
Behavioral techniques of various kinds are the mainstay of treatment, 4 with attempts to remediate impaired linguistic processing 5 - 6 or to improve functional communication. 7 Unfortunately, the most common techniques are nonspecific "stimulation" strategies. 8 While pharmacotherapy has held promise for the treatment of aphasia for over 50 years, it has not fulfilled this promise. A critical examination of the literature shows that drug therapy has less promise as solitary therapy than as an adjunct to behavioral therapy in certain individuals. The majority of experimental studies in this area have not been designed to assess accurately this outcome but instead have focused on unrealistic hopes for a therapeutic miracle.
Pharmacotherapy of Cognitive Disorders
The neuropharmacology of human brain systems has an increasing role in the study of therapeutic neurology and psychiatry. 910 Many neurotransmitter systems are used by the brain in distinct functional tasks, and certain of these systems have been manipulated pharmacologically to produce therapeutic benefit to human patients. In some cases, specific or nonspecific manipulation of such systems has been helpful to patients even without a clear theoretical rationale.
In the realm of cognition, pharmacotherapy has had its greatest impact in psychiatry. Drug treatment has become a standard component of treatment in depression and schizophrenia, 9 and patients now can expect far better treatment outcomes than they could during the previous eras of behavioral therapy. Much optimism now surrounds research into the treatment of the memory disorder of Alzheimer's disease," with some success achieved by directing therapy at improving cholinergic neurotransmitter systems. 12 The greatest excitement in therapy for Alzheimer's disease currently involves prevention of glutamate excitotoxicity and the consequent neuronal damage from oxidation. 13 Memory disorders and aphasia share the characteristic of being symptoms rather than disease entities. Of course, this bears significantly on therapy. The memory loss of Alzheimer's disease is thought to be improved by cholinergic therapy because of a postulated defect in central cholinergic mechanisms that accompany the disorder. There is no reason to think this same therapy would be useful in another disease in which memory loss played a major role. As a major symptom of cerebral infarction, 2 aphasia shares common physiological and neurochemical features with other stroke manifestations, such as supranuclear motor pareses and central sensory loss. Consequently, techniques aimed at stroke rehabilitation through direct CNS effects are equally applicable to language recovery and sensorimotor recovery. language function in humans. 914 The table both lists the drugs and provides a short explanation of their presumed neurophysiological effects. Neurotransmitters such as dopamine and norepinephrine participate in relatively well-characterized pharmacologic systems, which are commonly manipulated for treatment of neurological and psychiatric disease. Other drugs, such as meprobamate and phenobarbital, have known behavioral effects, such as sedation and anxiolysis, with less well-understood effects on transmitter systems or other aspects of neurochemistry.
Pharmacotherapy of Sensorimotor Loss in Stroke
Before examining research directed at aphasia rehabilitation per se, it is important to review the data on brain chemistry and pharmacotherapy after experimental stroke in animal models, as well as studies of motor rehabilitation in human stroke patients. The results of these studies constitute some of the promise for drug therapy of aphasia.
Brain Catecholamines After Experimental Stroke
The concentrations of catecholamines in the rat and cat brain stem 1516 and the subcortex of the rat 17 are decreased following cerebral cortical infarction. After the acute phase following rat unilateral cortical infarction (40 days), there remain decreases in ipsilateral norepinephrine concentrations in the cortex and brain stem and decreases in ipsilateral brain stem (but not cortical) dopamine concentrations. 18 This catecholamine deficit may result from right cortical but not left cortical infarction. 19 Such experimental stroke also causes widespread depression of glucose utilization in the cortex on both sides, the ipsilateral red nucleus, and the locus ceruleus bilaterally. 20 The postulated role of monoamines in stroke recovery led to a number of therapeutic studies in animal models, as summarized in Table 2 . (In studies of recovery of function in animal models, it is useful to know that the duration of spontaneous recovery from a motor cortex lesion in a rat is about 2 weeks, and for a cat, spontaneous recovery takes several months. 21 ) A single dose of dextro-amphetamine (^-amphetamine), which augments postsynaptic catecholamines including norepinephrine and dopamine, led to accelerated recovery in a beam-walking task in rats with unilateral motor cortex ablation. 2122 A single dose of haloperidol, a dopamine antagonist, blocked the amphetamine effect. When given alone, haloperidol delayed spontaneous recovery, and phenoxybenzamine, an a-adrenergic antagonist, reproduced the deficits in recovered animals. Paradoxically, treatment with intraventricular norepinephrine, but not dopamine, reproduced the beneficial effect of d-amphetamine. 23 Analogous results have been obtained with d-amphetamine therapy of motor system injury in the cat. 24 -25 These motor system results generalize to the visual system. 25 Bilateral ablation of the primary visual cortex of the cat causes impairment of visual depth perception. When given both visual experience and rf-amphetamine, such cats demonstrate marked improvement in function. The effect was not seen when the rf-amphetamine was unaccompanied by visual experience or when the visual experience was accompanied by saline instead of active drug.
As the locus ceruleus is the origin of diffuse noradrenergic arborizations throughout the cortex, the role of the locus ceruleus in stroke recovery was studied. After experimental stroke, there was widespread cerebral cortical depression of glucose utilization, which could be accelerated by prior ablation of the locus ceruleus. rf-Amphetamine could reverse this metabolic depression, which was exacerbated by haloperidol administration, and reverse the effects of locus ceruleus damage.
Animal models thus suggest that endogenous and exogenous catecholamines, particularly norepinephrine, acting through a-receptors, play an important role in recovery from stroke. These data also suggest that the effect of catecholamine augmentation therapy depends on concomitant experience. Thus motor recovery after stroke, while facilitated by pharmacotherapy, depended on the presence of motor practice, just as visual recovery depended on visual experience.
Human Studies
Pharmacotherapeutic studies of aphasia have employed a variety of agents. The theoretical motivations for use of these particular agents are diverse and range from purely clinical rationales (eg, people who are anxious do not speak as well) to clinically correlated neurobiological facts (eg, tissue catecholamines are decreased hemisphericaHy after infarction). In these studies, the measures of outcome are linguistic or communicative, and even when formal evaluations have been made, they have been completely behavioral in nature.
The very nature of aphasia complicates the problem. Group studies in aphasia are difficult because of the fundamental heterogeneity of patients along functional and anatomic lines. 27 Furthermore, while current static and dynamic imaging techniques have increased the precision of neurobiological evaluations, 2830 behavioral assessment remains a complex art. In studies of therapeutic efficacy, such as those described here, there has consequently been minimal correlation between outcome measures and pathophysiology.
Existing studies of aphasia pharmacotherapy are summarized in Table 3 and reviewed in this section. For historical purposes, the section begins with a review of the early case reports and empirically motivated studies, which no longer have tremendous relevance, and proceeds to examine the recent theoretically motivated studies of catecholamines.
Early Studies and Case Reports
Because hypertension is an important risk factor for cerebrovascular disease, patients with stroke frequently require medications to reduce blood pressure. Some of these agents, particularly catecholamine antagonists, might be expected to disturb stroke recovery. A retrospective review of the medications of 32 patients presenting for language evaluation after stroke 31 showed that the 19 patients taking medicines performed significantly worse on the Porch Index of Communicative Ability (PICA) 32 than the 13 patients not taking medicines. (The PICA has been standardized to provide a percentile score that compares the performance of a particular patient to a statistical norm.) Patients taking thiazide diuretics and haloperidol performed particu- PICA indicates Porch Index of Communicative Ability; BDAE, Boston Diagnostic Aphasia Examination; and BNT, Boston Naming Test. The pharmacologic agent administered to patients, the nature of brain lesions, how many subjects were treated, time from brain injury to treatment, tasks used to test patients, and results are listed for each study.
lady poorly. Unexpectedly, the subgroup of 4 patients taking propranolol, the /3-adrenergic antagonist, showed improved performance.
An overwhelming selection bias and a problem with data interpretation seriously flaw this study. Concomitant medical illnesses required the patients to take the medicines, yet these are not reported. Many patients had hypertension, for example, and are thus likely to have multiple small arteriolar infarctions, 33 which could affect performance on any number of cognitive measures. While the conclusions made by the authors are not justified in general, their suggestions about particular agents, eg, propranolol and haloperidol, are particularly unjustified in light of the numbers of patients studied.
In an early case report, Linn 34 describes two aphasic patients with language disorders from traumatic brain injuries. The patients had language testing before and after the injection of intravenous amobarbital sodium. Although language performance of the first patient improved, Linn attributed the result to improved attention and "energy." The second patient went from a state of near mutism to a markedly improved state, but it lasted only as long as the drug was administered, and the patient eventually developed tolerance to the drug. The article concludes that sodium amytal may help with the "psychological component" present in organic disease.
The most realistic explanation for improvement in these patients with traumatic brain lesions concerns the short-acting anticonvulsant properties of amobarbital.
One could speculate that the beneficial effect of this drug in the alleviation of aphasia after brain trauma was the direct result of stopping ongoing partial seizures in the left temporal lobe. Aphasic seizures constitute a well-documented form of partial epilepsy, 3537 and it would be interesting to reexamine Dr Linn's patients with this in mind.
Furthermore, a carefully controlled clinical study involving 27 hospitalized patients with aphasia failed to replicate Dr Linn's finding. 38 Comprehensive language and cognitive testing of these patients before and after administration of intravenous amobarbital found that while many patients felt that they were more fluent during the amobarbital infusion, no patient showed objective improvement in function.
West and Stockel 39 selected 29 patients with right hemiparesis and aphasia from stroke for a double-blind, placebo-controlled crossover study of meprobamate therapy combined with behavioral speech therapy. In each 6-month cycle, a patient had one 3-month period of meprobamate plus speech therapy and another of placebo plus speech therapy. General physical and neurological examinations, laboratory evaluations, and comprehensive language and cognitive measures were performed before and after four such cycles. After careful statistical analysis, the authors determined that the medication did not produce better results than speech therapy alone. While this double-blind crossover study produced valid results for a subpopulation of patients with aphasia, eligibility required a right hemiparesis, excluding many patients with aphasia.
Sarno et al 40 studied the effects of hyperbaric oxygen on 16 chronic aphasic patients with left hemisphere cerebral damage from a cerebrovascular cause, with right hemiplegia and aphasia. Comprehensive neurological and cognitive evaluation before and after treatment with hyperbaric air or hyperbaric oxygen failed to show improvement in auditory comprehension or functional communication during or after therapy.
Augmentation of Brain Dopamine
The studies of brain catecholamines after stroke in animals led to an analogous study in humans. In this study, it was found that the concentration of catecholamines in human cerebrospinal fluid is decreased after cerebral cortical infarction. 41 This theoretical motivation and a number of empirical speculations have led to studies aimed at augmenting these transmitters in the brain of patients after stroke.
Several studies have examined the role of dopamine. Albert and his colleagues 42 -43 described a case suggesting that the dopamine agonist bromocriptine helped restore speech fluency in a patient with transcortical motor aphasia from stroke. The patient was tested before treatment with bromocriptine, during treatment, and then after cessation of treatment. Fluency improved when the patient was taking bromocriptine and evaporated after cessation of the drug. This case is particularly difficult to interpret, given the lack of many specific neurological details and of careful controls on the evaluation process. The absence of an underlying basal ganglia disorder was never documented, and the possibility of a placebo effect or performance variability was not discussed.
Another case report failed to find a similar benefit from bromocriptine in a man with transcortical motor aphasia from ischemic stroke. 44 Both multiple baselines for testing and withdrawal periods were used to study this patient, who showed no improvement in language performance despite his perception to the contrary. The authors concluded that a placebo effect may be responsible for the apparent improvement in language function seen in some patients.
Recently, two patients with left frontoparietal infarcts and nonfluent aphasia were treated with bromocriptine for 3 months in an escalating dose and underwent comprehensive language testing before therapy and monthly during therapy. 45 Both patients improved markedly in speech fluency but not in other aspects of language function. The presence of multiple baselines, with lack of improvement in language measures other than fluency, gives this study some weight. However, its value is limited by certain design flaws, including the inability to rule out placebo effects and lack of any withdrawal phase.
A prospective open-label trial of bromocriptine in treatment of nonfluent aphasia 46 studied seven patients with left frontal ischemic infarctions and a nonfluent aphasia. Every 2 weeks, the dose of bromocriptine was escalated and then de-escalated, with language and neuropsychological testing before and during treatment. Statistical analysis of behavioral measures correlated improvement with escalating doses and deterioration with declining doses of the drug in patients with moderate aphasia. Severely impaired patients did not improve. The open-label nature of this study, with few controls, no withdrawal periods, and improvement in all baselines, diminishes the generalizability of these results.
Augmentation of Brain Catecholamines With Amphetamine
In a study of rehabilitation from human motor cortical injury, 88 elderly patients who had been classified as "rehabilitation failures" because of poor progress in physical therapy were given d-amphetamine as an adjunct to physical therapy. 47 Patients with dementia or depression were excluded from the study. The dose schedule was increased from 2.5 mg twice daily to a maximum of 10 mg twice daily as tolerated. With some dramatic cases among them, a full 55% of all subjects improved, and 58% of these were able to leave the hospital. Of those who experienced limiting side effects (26% of all patients) or did not improve (19% of all patients), only 23% were able to leave the hospital. The improvement was particularly evident in the younger groups (66 to 84 years old) compared with the older group (85 to 94 years old).
These data are enticing, given the dramatic nature of the functional outcome measure (ie, some patients left the hospital and others could not). However, many problems limit the degree to which this optimistic interpretation is justified, including the role of placebo effects, the possibility of better care being given to patients receiving medicine, and the consistency of motor testing, particularly without blinding of the tester.
A double-blind, placebo-controlled study attempted to replicate this beneficial effect of d-amphetamine in motor stroke rehabilitation. 48 One group of four patients received rf-amphetamine and physical therapy, and another group of four patients received placebo and physical therapy. Neurological evaluations conducted on the days immediately before and after therapy demonstrated a positive effect of the drug on motor functioning after ischemic stroke. The results of this study coupled with its careful design provide some degree of optimism for amphetamine pharmacotherapy in stroke rehabilitation.
An early study of aphasia pharmacotherapy focused on the amphetamine-related drug methylphenidate and the benzodiazepine chlordiazepoxide. In this doubleblind, placebo-controlled crossover study, a language battery was performed 1 hour after drug (or placebo) administration. 49 Statistical analysis of the data revealed no difference in language performance between any of the conditions for the patients as a group.
Recently, Walker-Batson et al 50 reported a study of six patients with ischemic cerebral infarction, all in the distribution of the left middle cerebral artery. All patients were aphasic and were evaluated by the PICA. 32 Each patient took ^-amphetamine every 4 days, approximately 1 hour before a session of speech and language therapy, for a total of 10 sessions. When evaluated after this period, the patients were significantly over 100% of their expected levels, according to the PICA norms. Of potential significance, the two studies showing beneficial effects of d-amphetamine, ie, this study 50 and the controlled study of motor rehabilitation, 48 share the common feature of evaluating the drug as an enhancement to behavioral or physical therapy, rather than as a monotherapeutic panacea.
Summary and Conclusions
Pharmacotherapy of aphasia has been tried intermittently for many years. The early studies, motivated by intuitive behavioral and physiological rationales, demonstrated little success. The first concept was that "patients with aphasia speak more easily when they are relaxed," 38 leading to studies of the barbiturates. Although this therapy was reported to work in one or two patients, possibly due to the anticonvulsant properties of amobarbital, prospective study failed to show benefit. A similar rationale "to condition [aphasic patients] physiologically and psychologically" 39 with meprobamate yielded similar results.
Another therapeutic rationale, motivated by the many aphasic patients with cerebrovascular disease, concerned cerebral perfusion and blood oxygenation. Investigators postulated that decreased tissue oxygen from vascular thrombosis or embolism might exacerbate language recovery, and that hyperbaric oxygen therapy might improve aphasia rehabilitation. 40 This theory did not hold up to a carefully designed study.
Recent animal studies of experimental stroke and stroke recovery, with functional injury to motor or visual system, have suggested that pharmacological augmentation of brain catecholamine concentrations can greatly accelerate the beneficial effects of practice, d-Amphetamine was the most successful agent used in these studies; it definitely helped motor recovery when coupled with exercise and visual recovery when accompanied by visual experience. A study of intraventricular norepinephrine and dopamine suggested that the beneficial effect of -amphetamine was due to its ability to increase postsynaptic norepinephrine rather than dopamine. These animal models provide a different sort of therapeutic rationale than has been present previously for the pharmacologic treatment of aphasia. In particular, these studies provide evidence that certain neurochemical defects are present after stroke, even in brain areas not thought to be injured during the acute event. These studies focused on the catecholamines and led to subsequent animal and human studies of stroke recovery, both physical and cognitive aspects, with exogenous augmentation of brain catecholamine concentrations.
The human studies of pharmacotherapy with <i-amphetamine and bromocriptine are difficult to interpret for several reasons. Although not all studies fail on all counts, the studies as a whole are marked by a myriad of problems. First, the anatomic definitions of aphasia differ from one study to another and even from one patient to another within a single study. In many cases, imaging is either not available or not reported. Second, the functional definitions of aphasia are also inconsistent. Such classifications rely on behavioral assessment procedures that do not unambiguously and reproducibly test specific cognitive and linguistic abilities. In aphasia, these functions are not only difficult to define clearly, but are also subject to performance variability based on factors related to both the patient being tested and the tester. Third, there are serious problems with patient selection. These studies do not ensure that the patients do not have other concomitant neurological or psychiatric illnesses in addition to cerebral infarction. This is particularly important with respect to depression and Parkinson's disease, as the symptoms of these common illnesses might be ameliorated by the drugs in question, including aspects of language processing. Fourth, many studies do not control for placebo effects, either with a multiple baseline design or an explicit placebo arm. Such effects are particularly common in the treatment of serious neurological diseases for which there are a minimum of proven therapies. Fifth, they do not include withdrawal periods, with complete evaluations during drug administration and withdrawal periods. This is particularly important in the context of stroke recovery, in which spontaneous improvement can be mistaken for a beneficial effect of a drug.
Patient selection constitutes a particularly complex problem for these studies. Parkinson's disease has three problematic characteristics: It is a common disease; it is dramatically improved by therapy with levodopa or dopamine agonists such as bromocriptine; and it manifests itself with speech fluency problems, precisely one of the measures thought to improve with pharmacotherapy of nonfluent aphasias.
Affective disorders constitute another problem for these studies. Depression is a well-documented sequela of stroke and constitutes a confounding factor in analyzing the therapeutic benefit of pharmacotherapy for motor and language rehabilitation. In particular, it may not be clear if a perceived therapeutic benefit derives from treatment of the primary deficit (eg, aphasia) or of the depression that accompanies it.
Available information suggests that depression is a much greater concomitant of infarction in the left hemisphere than the right, particularly anteriorly 51 or in the basal ganglia. 52 Patients with concomitant motor speech disorders and aphasia are thought to be particularly vulnerable. 53 However, in patients with left hemi-spheric lesions and aphasia, there seems to be no correlation between the severity of the aphasia and the presence of dysphoric mood or sleep disturbance. 54 Each pharmacotherapy study of human stroke rehabilitation must be interpreted within the full clinical context of the patient, including premorbid illnesses and the full extent of stroke symptomatology. Because they are marked by design problems that limit interpretation of the results, existing studies are ambiguous about the potential beneficial effect of increased CNS catecholamines on human motor recovery and aphasia rehabilitation. In the realm of motor system recovery, both human and animal studies suggest that d-amphetamine can facilitate recovery when combined with practice. Weaker evidence also suggests that when coupled with practice in oral communication, increasing brain norepinephrine and/or dopamine might facilitate improvement in speech and language impairments after stroke.
The role of aphasia pharmacotherapy lies in recognizing what it has potential to do and what it will never do. Can pharmacotherapy be used as a replacement for questionably effective speech therapy to ameliorate significantly the language and cognitive performance of patients with cerebral infarctions? The answer is certainly no. In each case where pharmacotherapy radically improved language functioning in people with aphasia, a confounding factor appears to be responsible (eg, seizures, Parkinson's disease). On the other hand, can pharmacotherapy be used as an adjunct to behavioral rehabilitation to decrease the amount of performance variability and consequently improve mean performance in patients with mild to moderate language dysfunction from infarctions? In this case, the answer is probably yes. Only with carefully designed and well-controlled studies can this promise be rigorously evaluated.
